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Application of Multi—criteria Decision Making Techniques for Water Resources
Planning: 2. Sensitivity Analysis of Weighting and Performance Values
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Chung, Eun-Sung

Abstract

This study aims to present the sensitivity analysis approach for multi-criteria decision making (MCDM)
method to reduce the uncertainty of weighting and performance values. This study focuses on two major
problems of the uncertainty for MCDM method. The first major problem is how to determine the most
critical criterion and the second is how to determine the most critical measure of performance. This study
used the application of weighted sum method for water resources planning. The criticality degrees and the
sensitivity coefficients of criterion and alternative are used. This results of sensitivity analysis can be
applied to the general water resources planning in real.

Keywords : alternative criticality, criterion criticality, multi—criteria decision making (MCDM), alternative
sensitivity, criterion sensitivity
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Table 1. Results of WSM
Name of
Alternative D P S 1 R Cost Preference
Weights 0.100 0.100 0.150 0.150 0.200 0.3 1.0000
Alt 1 0.083 0.511 0.682 0.488 1.000 0.989 0.732
Alt 2 0.518 0.693 1.000 1.000 0.463 0.100 0.544
Alt 3 0.113 0.208 0.420 0.326 0.523 0.956 0.535
Alt 4 0.297 0.334 0.037 0.064 0.571 0.978 0.486
Alt 5 1.000 1.000 0.501 0.144 0.826 0.357 0.569
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Table 2. All Possible O i Values (Absolute Change in Criteria Weights)

Pair of Alternatives Criterion
D P S I R Cost
Al A2 -0.432 NF -0.591 -0.367 NF 0.211
Al A3 NF NF NF NF NF NF
Al A4 NF NF NF NF NF NF
Al A5 -0.177 -0.332 NF NF NF 0.257
A2 A3 0.021 0.017 0.014 0.012 -0.140 -0.010
A2 A4 NF NF 0.060 0.062 -0.533 -0.066
A2 A5 0.053 0.083 -0.051 -0.030 0.070 0.099
A3 A4 -0.268 -0.393 0.129 NF NF NF
A3 A5 0.038 0.043 NF -0.186 0.112 -0.057
A4 A5 NF NF NF NF NF -0.134
Table 3. All Possible Changed Weights, w,
Pair of Alternatives Criterion
D P S I R Cost
Al A2 0.532 NF 0.741 0.517 NF 0.089
Al A3 NF NF NF NF NF NF
Al A4 NF NF NF NF NF NF
Al A5 0.277 0.432 NF NF NF 0.043
A2 A3 0.079 0.083 0.136 0.138 0.340 0.310
A2 A4 NF NF 0.090 0.088 0.733 0.366
A2 A5 0.047 0.017 0.201 0.180 0.130 0.201
A3 A4 0.368 0.493 0.021 NF NF NF
A3 A5 0.062 0.057 NF 0.336 0.088 0.357
A4 A5 NF NF NF NF NF 0.434
454 H4SE 20124 44 387



B 2 ofu7t e A
& 0] diiHom
igtEol &ehrhal B 4 dvk = Alt 29 Alt 39
5 o] A 7152 3.3%1 W3IAA

o] StA| ARk

2~

= AAE

7]

)

)

A
3
7

o
5

= A3

> .
\\/
VoY —
7 ‘\--\‘. -
2 B 4 T -9
o / N
S ¢
0 01 02 03 04 0s 08
—r=plt] me—A2 ==Al3 =S=Alld ——AlS

Fig. 1. Ranking Trajectories according to the
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Table 4. All Possible 4, . Values (Percent Change in Criteria Weights)

Pair of Alternatives Criterion

D P S I R Cost
Al A2 -431.8% NF -393.7% -244.6% NF 70.4%
Al A3 NF NF NF NF NF NF
Al A4 NF NF NF NF NF NF
Al A5 -177.0% -331.7% NF NF NF 85.7%
A2 A3 20.7% 17.3% 9.6% 8.3% -69.8% -3.3%
A2 A4 NF NF 40.0% 41.1% -266.7% -21.9%
A2 A5 52.9% 83.2% -34.1% -19.9% 35.1% 33.0%
A3 A4 -268.5% -392.9% 85.9% NF NF NF
A3 A5 38.2% 42.8% NF -123.8% 55.9% -18.9%
A4 A5 NF NF NF NF NF -44.7%

Table 5. Results of Criticality

and Sensitivity Coefficients of Six Criteria

Category D P S I R Cost
Criticality 20.7% 17.3% 9.6% 8.3% 35.1% 3.3%
Sensitivity 4.8 5.8 104 12.1 2.8 30.6
Ranking 5 4 3 2 6 1
Number of feasible weights 5 5 5 5 4 7
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Table 6. Threshhold Values 7{.”‘7‘,‘,

(%) in Relative Terms

Alternative | Alternative Criterion
4 Ay, D P S I R Cost
Alt 1 Alt 2 NF NF NF NF NF NF
Alt 1 Alt 3 NF NF NF NF NF NF
Alt 1 Alt 4 NF NF NF NF NF NF
Alt 1 Alt 5 NF NF NF NF NF NF
Alt 2 Alt 1 NF NF NF NF NF NF
Alt 2 Alt 3 16.2 12.1 NF NF 9.1 279
Alt 2 Alt 4 NF 83.3 NF NF 62.4 NF
Alt 2 Alt 5 -49.3 -36.8 -17.0 -17.1 -27.6 -85.1
Alt 3 Alt 1 NF NF NF NF NF -68.4
Alt 3 Alt 2 -74.2 -40.3 -13.3 -17.1 -8.0 -2.9
Alt 3 Alt 4 NF NF 78.4 NF 47.2 NF
Alt 3 Alt 5 NF NF -53.8 -69.3 -32.4 -11.8
Alt 4 Alt 1 NF NF NF NF NF -83.7
Alt 4 Alt 2 NF NF NF NF -50.6 -19.7
Alt 4 Alt 3 NF NF NF NF -43.2 -16.8
Alt 4 Alt 5 NF NF NF NF -72.9 -28.4
Alt 5 Alt 1 NF NF NF NF -98.2 NF
Alt 5 Alt 2 NF NF 34.0 NF 154 23.8
Alt 5 Alt 3 NF NF 45.1 NF 20.5 31.6
Alt 5 Alt 4 NF NF NF NF NF 7T
Table 7. Criticality Degrees A}j (%) for Each ajj Performance Measure
Name of Criterion
Alternative D P S 1 R Cost
Alt 1 NF NF NF NF NF NF
Alt 2 16.2 NF NF NF 9.1 279
Alt 3 74.2 40.3 13.3 17.1 8.0 2.9
Alt 4 NF NF NF NF 43.2 16.8
Alt 5 NF NF 34.0 NF 154 23.8
Al gl 55% FAsf|ofgith= ojnjo]t}. o7F Hesith= AL ovjstn®E gijkd gPEE &
A; ] tiebd R 72} 7]l sidete 4709 7k 5 7t A3 o] AlFsljoFgtths ootk wheba] Alt 39] M 011
22 gke] ddigks Aelshd Table 73 22tk oA gk e 2 AT U Soll 7P T8k sAtel
e gk gkl Eq. (17)9] T8%20 Al ol sldat= Fholt olell tigh A2 wlg- AF3HA o] Fojx ok TS 9 l?‘é
= Alt 32 HHE tijbs SollA Al 29} 71 A A o} I g o2 Alt 33 Alt 2, Alt 59] H7171= Rell th
Al FA ko] 29%E A A5 =97 vt gt FEE T 250 H]‘c‘?}‘?i 38| 2F3HA A sk
3o o) _/‘I: 9}11—4_

ejmjo]th. Table 6] gk& Eq. (18)& ©]-8-8lA W3 7
}
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Table 8. Changed Performance Measures
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